Hemorrhage in regions remote from the site of initial intracranial operations is rare, but may be fatal. Postoperative cerebellar hemorrhage as a complication of supratentorial surgery, with a radiological appearance known as zebra sign, is an increasingly recognized clinical entity and is associated mainly with vascular neurosurgery or temporal lobe resection. The pathophysiology remains unclear. Three cases of remote cerebellar hematoma occurred after neck clipping of anterior communicating artery aneurysms. All patients had similar clinical findings and underwent pterional craniotomy with the head in accentuated extension. One patient died and the two were discharged without symptoms. Cerebellar hemorrhage probably has a multifactorial origin involving positioning associated with abundant cerebrospinal fluid drainage causing cerebellar sag with resultant vein stretching and bleeding, and use of aspirin or other antiplatelet agents.
Introduction
Intracerebral hemorrhage remote from the site of surgery is an infrequent complication after supratentorial neurosurgical procedures. Cerebellar hemorrhage following supratentorial craniotomy is the most commonly described pattern of remote hemorrhage, 2, 5, 8, 9, 11, 12, 14, 18, 22, 23, 25, 26, 28, 29) and may cause significant neurological morbidity and mortality. Head position, perioperative hypertension, lumbar drainage of cerebrospinal fluid (CSF), and postoperative epidural drainage have all been proposed as causes of remote cerebellar hemorrhage (RCH). 7, 24) RCH tends to occur in patients with unruptured aneurysms, compared to patients with ruptured aneurysms. 5, 18) However, RCH has also occurred after surgical treatment of ruptured aneurysms. 26, 29) Blood over the folia of the cerebellum may lead to a radiological appearance known as zebra sign. 3) The exact mechanisms causing zebra sign remain controversial, although several factors have been implicated, mainly after cerebrovascular surgery.
Here we report three consecutive cases of anterior communicating artery (AComA) aneurysms that evolved with RCH and discuss the common underlying pathophysiological features.
Illustrative Cases
Case 1: A 74-year-old female presented at the emergency room complaining of sudden intense headache. Neurological examination revealed meningismus. She had a history of transient ischemic attacks (TIAs) and use of aspirin. Computed tomography (CT) disclosed Fisher grade III subarachnoid hemorrhage (SAH) and moderate hydrocephalus. Angiography revealed an AcomA aneurysm ( Fig. 1 ) and important segmental stenosis (Fig. 2) , secondary to arteriosclerosis.
At surgery, her head was positioned with slight rotation and accentuated extension. A right pterional craniotomy was performed and the aneurysm was clipped uneventfully. The lamina terminalis was fenestrated to facilitate circulation of CSF and avoid hydrocephalus. Postoperatively, patient was lethargic and confused. CT demonstrated RCH and zebra sign (Fig. 3) . Her neurological condition deteriorated and she died 3 days later. Case 2: A 62-year-old female attended the emergency room complaining of sudden headache. Neurological examination did not find any abnormalities, At surgery, her head was positioned with slight rotation and accentuated extension. A pterional approach was carried out and the aneurysm was clipped without incident. The lamina terminalis was opened and communication opened with the basal cisterns. Twelve hours after surgery, the patient was alert but confused. CT demonstrated cerebellar hemorrhage with zebra sign (Fig. 4) . No hydrocephalus was observed. She gradually recovered and was discharged without neurological deficits. Case 3: A 65-year-old female was admitted complaining of intense headache. Neurological examination revealed no abnormalities. She had been taking aspirin to prevent TIAs. CT displayed Fischer grade III SAH with moderate ventricular enlargement. Angiography identified an AcomA aneurysm.
At surgery, her head was positioned with slight rotation and accentuated extension. A pterional approach was utilized to treat the aneurysm. The lami- 
Discussion
RCH is probably under-recognized and underreported. 9) RCH is generally associated with supratentorial craniotomies in vascular neurosurgery or temporal lobectomy for epilepsy, occurring after approximately 0.6% of all supratentorial craniotomies, 2.8% of craniotomies to treat unruptured aneurysms, and 1.4% of craniotomies for temporal lobectomy, 9) and after 2.5% of temporal lobectomies for epilepsy. 6) RCH is often asymptomatic, so some patients with remote hemorrhage do not undergo postoperative imaging and the hemorrhage is not identified. Superior cerebellar folia, the most common pattern demonstrated by CT, may be ascribed to postoperative blood in the subarachnoid space layering on top of the folia, 9) forming a streaky bleeding pattern appearing as the zebra sign.
However, magnetic resonance imaging shows that true intraparenchymal hemorrhage may occur as well, with or without the zebra image pattern. Recent aspirin use within 7 days before surgery apparently increased the risk of RCH. Aspirin and antiplatelet agents have been implicated as risk factors for postoperative hemorrhage. 1, 9, 10, 17, 19, 22, 27) Although aspirin use seems to be an important and avoidable preoperative risk factor, preoperative use of aspirin was not identified in most of the cases previously reported. Therefore, aspirin use cannot be implicated as the only causal factor in most cases of RCH. 9) Other factors must also be involved in the occurrence of RCH and zebra sign (Table 1) .
RCH occurred in 3.5% of cases of repair of unruptured anterior circulation aneurysms. 5) RCH also occurred in 42 cases after supratentorial procedures, 9) nearly 38% occurring after surgical repair of unruptured aneurysms, half of which were AComA aneurysms, as described here. No RCH occurred after surgery for ruptured aneurysm was reported. 9) RCH seems to be associated with frontotemporal craniotomies with the patient in the supine position. 9) The loss of substantial CSF volume during surgery must also be important in the pathophysiological development of RCH, as demonstrated by the association of RCH with procedures that involve drainage of CSF from the cisterns or ventricular system. 9) RCH has also been reported after spinal procedures involving dural tears and subsequent conspicuous CSF drainage. 4, 9, 13, 15) The involvement of CSF drainage is further supported by the finding that RCH occurs more often during the clipping of unruptured aneurysms compared to ruptured aneurysms, probably because of the lack of free circulation of CSF in patients with blood within the subarachnoid spaces. 9) Postoperative drainage of CSF may also be involved in the occurrence of cerebellar hemorrhage, especially if negative pressure is applied. 13) In almost all patients undergoing craniotomy in our institution, including the present patients, drainage with slight uncontrolled negative pressure of the bag is inserted in the subgaleal space, but no negative pressure is applied with evidence of
dural tears. The system of drainage is removed within 24 hours. We believe that such negative pressure facilitates CSF drainage in the presence of dural tears, which could be linked to the physiopathology of RCH.
Only CSF loss, although important, may not cause RCH. Many cerebrovascular surgical centers have routinely performed extensive opening of the cisterns and fenestrated the lamina terminalis without observing subsequent increase in RCH occurrence. Positional jugular vein compression caused by the transverse process of the atlas may be implicated in venous hypertension and RCH. 21) This is particularly important in association with any head extension. We have routinely adopted extensive extension of the head for approaching AComA aneurysms. AComA aneurysm surgery is also often associated with lamina terminalis fenestration and significant CSF drainage. Positioning may additionally predispose to cerebellar sag, leading to stretching of the cerebellar veins.
There is a growing consensus suggesting that RCH is a manifestation of cerebellar venous hemorrhage and infarction. 2, 5, 9, 12, 18, 22) The characteristic location in the superior cerebellar and vermian cortices corresponds to the territory drained by the superior cerebellar veins, and the occurrence of bilateral lesions may also be explained by this venous drainage pattern. 9) The venous drainage of the tentorial surface of the cerebellum is cephalad, via short bridging veins into the tentorium, torcular herophili, and transverse sinuses, and via the bridging superior vermian vein and the vein of the cerebellomesencephalic fissure into the basal veins of Rosenthal. 9, 20) These vessels may be vulnerable to stretching with cerebellum sag away from the tentorium, as may occur after substantial CSF drainage. 9, 29) We suppose that this phenomenon may be aggravated by concomitant extension of the head. Stretching may cause transient vein occlusion, with increased venous pressure, which is also aggravated by compression of the jugular veins secondary to surgical positioning. Two of our patients presented with accentuated arteriosclerosis, so vessel stiffness caused by sclerosis may contribute to RCH.
Such a scenario of increased venous pressure, created by positioning and CSF drainage, may further predispose the parenchyma in these regions to venous hemorrhage. 9) Conversely, bleeding may be exacerbated by aspirin use. Therefore, increased venous pressure caused by CSF loss and surgical positioning, associated with preoperative use of antiplatelet agents, such as aspirin, creates the appropriate environment for venous hemorrhage, 9, 16, 18) suggesting that any single factor is unlikely to cause RCH.
RCH is a well recognized complication after supratentorial neurosurgical procedures and possibly cannot be explained by just one single factor. We believe that positioning associated with abundant CSF drainage may predispose to cerebellar sag contributing to vein stretching and bleeding. Use of aspirin or other antiplatelet agents may aggravate the clinical consequences. Arteriosclerosis may also be involved in the pathophysiology. Patients receiving antiplatelet therapy should be aware of this potentially fatal surgical complication, particularly if requiring surgical treatment for AComA aneurysm.
Zebra Sign: Pathophysiological Insights 1) Both patients were awake just after surgery and followed by rapid neurological deterioration around 2 hours later. The hemorrhage could be confirmed only at the time of autopsy, as the CT scan diagnosis was just at the very beginning of its development and could not be used as diagnostic aid. We concluded the hemorrhage might be related to: preoperative aspirin administration, intraoperative Rheomacrodex administration, intraoperative labile hypertension, and postoperative hypertension in which systolic pressure elevated up to 210 mmHg. The reason for the bleeding in the cerebellum was ascribed to increased hemodynamic stress at the vertebrobasilar artery territory as compared with that of the internal carotid artery, as both patients had internal carotid artery occlusion on one side and stenosis on the other side. Retrospectively, the role of subgaleal drainage with negative pressure should also have been considered. I used this drainage after the tradition of the clinic in all the cases of craniotomy including EC-IC bypass surgery until the end of 1976, when I returned back from Z äurich to Kyoto. So both cases did have subgaleal negative pressure drainage. After checking the operative reports at that time now, I confirmed this.
Dr. Yoshida (ref 29 of this article) has reported 3 cases of cerebellar hemorrhage from our institute (National Cardiovascular Center, Japan) in 1990 and has drawn attention to the danger of postoperative negative pressure drainage which might cause the tear of the superior vermian vein in the supine position.
It was for me very impressive that Prof. Donaghy did not use any drainage, when he demonstrated his technique of EC-IC bypass on December 6, 1973 at Z äurich University Hospital, in which I had the honor to be assistant. 2) The meaning of this``no drainage,'' I could not realize until I came back to Z äurich in 1993 on the occasion of Prof. Yasargil's retirement. I observed then that Prof. Yasargil finished every craniotomy without any drainage as standard technique. I took over the method as standard also at the time of acute aneurysm surgery 3) and also at the time of bypass surgery. In acute aneurysm surgery, when necessary only ventricular drainage was done exceptionally, in which the CBF pressure was regulated between 15-20 cmH 2 O, so that excessive CSF loss was avoided.
In my series of more than 250 EC-IC bypasses, more than 1000 aneurysm surgeries, and more than 1000 craniotomies for other lesions until the end of May 2009, I can remember no cerebellar hemorrhagezebra sign was observed during the period of ca. 13.5 years. This could be confirmed by having routinely checked with CT on day after surgery in every case.
